Abstract -Protection of mangrove forests entails the decrease and restriction of their injudicious uses by local people and therefore imposes opportunity costs on poor local communities, which often depend on these forest resources for their subsistence. This study aims to quantify the economic opportunity cost of conservation for coastal communities living in areas adjacent to mangrove forests in the southern coasts of Iran. The main commercial uses of the mangrove forests in this area are restricted to fishing, tourist boating trips, and limited leaves cutting. We applied a choice experiment method to measure the costs of the forest exploitation reduction under hypothetical protection scenarios in which local users would receive monetary compensation to lessen or forgo mangrove forest utilization. The results showed that local communities are willing to accept lower compensation when the protection is meant to decrease the frequency of Hara cutting and fishing, as opposed to banning recreational opportunities. The mean WTA was estimated to be 55 662 500 IRR.hsld −1 .yr −1 (2026 USD), which was generally lower than opportunity costs in the form of foregone income. Before implementing any policies related to equity, our findings can provide policymakers with useful prior knowledge and prescription.
Introduction
In recent years, in both research and policy communities, there has been increasing interest in the economic valuation of natural ecosystems and their associated goods and services Costanza et al., 2014) . In fact, because these natural assets do not trade in ordinary markets, often, they are neglected or even ignored in policymaking Corresponding author: danehkar@ut.ac.ir and priority-setting practices, leading to degradation or depletion of resources. This gradually undermines the functioning and resilience of ecosystems, thus threatening their ability to continuously supply a flow of services for present and future generations. Economic valuation of ecosystem services is an important tool to enhance public awareness, and it can help policymakers decide how to allocate resources between competing uses . Z. Mashayekhi et al.: Knowl. Manag. Aquat. Ecosyst. (2016) 417, 20 Mangrove forests are among the most productive and biologically important ecosystems of the world, as they provide unique ecosystem goods and services to human society. They play an important role in stabilizing shorelines in coastal areas and estuaries, protecting them against sea level rise, hurricanes, and coastal erosion (Lee et al., 2014) . The mangroves are also considered to be sources of high-value commercial products and fishery resources, as well as sites for burgeoning ecotourism industry (Barbier et al., 2011; Vo et al., 2012; Mitsch and Gosselink, 2015) . In addition to providing breeding and nursing grounds for marine and pelagic species, they provide food, medicine, fuel and building materials for local communities (Giri et al., 2010) . These services are essential to human well-being and poverty alleviation (MA, 2005) .
Much of the world's mangrove forests are located in underdeveloped countries , where coastal communities are mainly characterized by relative geographic isolation, chronic poverty, and significant traditional dependence on the harvest of mangrove resources for their subsistence and livelihood (Walters et al., 2008) . Mangroves are exhibiting the highest rapid loss rates of ecosystems worldwide (Valiela et al., 2001) . Since 1980, due to population pressure in coastal areas and changes in land use, more than 20% of the world's mangrove forests, which is a total of 3.6 million hectares, has been destroyed (FAO, 2007) .
In this regard, there is an urgent need to avoid irreversible losses and further degradation of remaining mangrove forests by developing efficient monitoring and conservation plans. Conservation of mangrove forests would likely require adopting restrictions on household use of forest resources (Bush et al., 2011) , and therefore imposes opportunity costs on poor local communities that currently use these forests to maintain their livelihoods. These opportunity costs should be properly identified and the adequate incentive-based mechanisms for integrating local people into forest conservation programs applied by relevant administrators. However, Communities are not homogeneous and there is a degree of variation in the costs of forest use restrictions across households (Bush et al., 2011) .
A key entry point to understanding the real socio-economic impacts of forest management and conservation programs, under conditions of local subsistence use, is assessing the minimum compensation necessary to incentivize forest conservation (Bush et al., 2011) . One possible avenue to capture and evaluate the true willingness-to-accept (WTA) compensation is to use stated preference methods (Bakkegaard et al., 2012) . Despite a growing application of stated preference studies addressing WTA payments in the form of CV (de Groot and Hermans, 2009; Gadaud and Rambonilaza, 2010; Bakkegaard et al., 2012; Bush et al., 2013) , studies attempting to assess the WTA in the form of CE are highly uncommon, with Casey et al. (2008) being one exception.
In a choice experiment (CE), individuals are given a hypothetical setting and asked to choose their preferred option among several alternatives in a choice set, and they are usually asked to perform a series of such choices. Each alternative is described by a number of attributes or characteristics. When describing the profile of the presented alternative, a monetary value is included, along with other important attributes (Alpizar et al., 2003) . Inclusion of a cost attribute makes it possible to obtain indirectly the respondent's willingness to pay (WTP) or willingness to accept (WTA) either for the good in its entirety, or the respondent's WTP/WTA for the attribute, i.e., marginal WTP/WTA (also termed part worth or implicit price) (Bennett and Blamey, 2001) .
The first study to apply choice experiments to non-market valuation of environmental resources was by Adamowicz et al., 1994 , followed by an increasing number of studies (see Boxall et al., 1996; Carlsson et al., 2003; Birol and Cox, 2007; Liu and Wirtz, 2010; Jobstvogt et al., 2014) . The application of CE for environmental policy and planning is relatively recent and of growing interest in developing countries (e.g., Kaffashi et al., 2012; Jalili and Sharzehi, 2013) .
The focus of this study is to quantify the economic opportunity costs of conservation for communities living in areas adjacent to the mangrove forests in the southern coasts of Iran. Using the CE approach, we assessed the WTA compensation among rural households in Hara Biosphere Reserve (HBR) for reducing tree harvesting and deforestation activities on their lands. We designed some hypothetical scenarios in which local users would receive monetary compensation to lessen or forgo mangrove forest utilization. Hara forest is the common name for mangrove forests in the southern coasts of Iran, dominated by the Avicennia marina species. Recently, the destructive effects of industrialization and development, as well as global environmental changes, have been threatening the status of the Hara forest ecosystems (Zahed et al., 2010) . Although the extent of Hara forests in Iran has not changed significantly over the last decades, the quality of the stands has severely deteriorated, due primarily to camel grazing of mangrove leaves, unscheduled recreational activities, oil pollution due to fuel smuggling, introduction of an invasive species (black rat) and unregulated fishing.
Field-site description
The study was conducted in the Hara Biosphere Reserve (HBR) area at the mouth of the Hormuz strait, between Qeshm Island and the southern coasts of Iran. With an area of approximately 85 686 ha, the region contains the largest stand of Iranian mangrove forests (Iran's National Document of Mangrove forests, 2013). Much of the area is taken up by the Mehran delta, which forms extensive Intertidal flats, and has a marshy coastline and vast mangrove formation. Figure 1 illustrates the location map of the area. The dominant climate is subtropical, with extremely high summer temperatures that exceed 40
• C. Rainfall is low, with an annual total of 100−300 mm, mainly falling from November to April.
HBR is now managed as a protected area under the authority of the Department of Environment (DOE) of Iran than 100 species of sea and shoreline birds, 32 species of Persian Gulf and Oman Sea fish, six species of prawn, 10 species of crabs, five species of sea snake, two species of sea turtle and one type of marine mammal have been recognized in the HBR (Neinavaz et al., 2011) . The nearest and most important urban center to the HBR is Bandar-e-Khamir. Several coastal villages also lie adjacent to these forests, with a total residential population of approximately 21 723 inhabitants in 2014, and are settlements that depend upon Hara forests for their livelihood (Iran's National Document of mangrove forests, 2013). These villagers are mainly a low-income community, and their chief livelihood is small-scale fishing and tourist boat trips. They usually make boat trips to forests to collect Hara leaves and branches, meeting daily needs of the livestock and sometimes trading to farther villages every 2−3 days. For rehabilitation purposes, some mangrove reforestation was undertaken by the local community involvement in the early 1990s.
Methods

Developing the choice attributes
The first step in CE question design is to choose a set of attributes related to the study site problem. Based on a literature review (Alongi, 2008; Barbier et al., 2011; O'Garra, 2012) , a list of mangrove forest ecosystem services was used to assign potential attributes for the CE design. Then, the attributes were refined through consultation with focus groups and face to face exploratory interviews with experts, officials, managers and local key-informants. Based on the information gathered through the focus group interviews, we finally selected four attributes for this study (Table 1 ). The payment vehicle was assumed to be a hypothetical monetary compensation that local users would receive for lessening or forgoing Hara forest utilization. The levels of each attribute are also listed in Table 1 . To make the model convergence more feasible, the compensation payment levels are divided by 10 000.
Designing the hypothetical ce scenarios
The hypothetical scenarios were built around the government's protection project, planning to maintain the current condition of these forests in the future. Details on how this project will be implemented in the future, or to what extent, were not specified by the time of the survey design. Because protection of Hara forests entails lowering the injudicious uses by local people, the CE's protection scenarios proposed decreasing the current exploitation of Hara forests, in the form of reduced fishing and cutting of Hara, as well as a ban on tourist boat trips. On the other hand, the government promises to compensate local communities for their cost burden.
Designing choice tasks
The experimental design of the choice model survey com- produced using Ngene (econometric software version 1.1.0), where attribute levels were allocated to alternatives according to a D-optimal fractional factorial design that identified all main effects and two-way interactions. Each choice task consisted of two alternatives and one status Quo option. A sample of choice sets is shown in (Figure 2 ).
Developing questionnaires
In the questionnaires, questions were grouped into three major sections: introduction of the research, choice sets, and socio-economic information. The introductory section was used to initiate contact with respondents, providing respondents with basic information, including the aim of the survey and what was expected of them. Subsequently, they were introduced to the assumed policies and forest protection project.
In the second section (valuation), respondents were asked to make a set of choices. The final section elicited responses to a set of socio-demographic questions. This section included questions about age, gender, occupation, education level, family size, income level, marital status and pro-environment activism. Each questionnaire included one version of the four choice sets with eight different choice sets.
Main survey
To test the questionnaire and clarify the questions, a pilot survey with 40 participants was conducted before the main survey. Based on feedback from participants, several modifications were made to the draft questionnaire. For the main survey, the sample was randomly selected from one coastal town, Bandar-e-Khamir in the northern margin, and 9 villages in the southern border of the Hara forests, including Haft Rangoo, Tabl, Melki, Dorbani, Goran, Soheili, Dehkhoda, Kovarzin and Laft. During October-November 2014, a total of 800 questionnaires were filled out using a face-to-face interview method. In principle, every adult household member was allowed to fill out the questionnaire. Data were analyzed statistically using STATA (version 12.1).
The econometric model
CE has its theoretical foundation in random utility theory and relies on the assumptions of economic rationality and utility maximization (Hall et al., 2004) . The random utility approach, developed by McFadden, 1974 , is used to link the deterministic model with a statistical model of human behavior. Moreover, Choice experiments were inspired by the Lancastrian microeconomic approach (Lancaster, 1966) in which individuals derive utility from the characteristics of the goods rather than directly from the goods themselves. Under the assumption that the error terms of the utility function are independently and identically distributed (IID) following a type I extreme value (Gumbel) distribution, the choice model can be estimated using a multinomial logit (MNL) specification (McFadden, 1974) .
For individual i and alternative j, we suppose that utility U i j is the sum of a deterministic (explainable) component, V i j , which is typically specified as a linear index of the attributes (X) of the j different alternatives in the choice set, and an unobserved random component ε i j :
We observe the outcome Y i = j if alternative j has the highest utility of the alternatives. It follows that:
Standard multinomial models specify that:
where X i is a vector of choice attributes and Z i are socioeconomic variables. The probability of a choice j from a choice set consisting of p choices has a closed form depending on the matrix of formalized utilities.
This model can be estimated by conventional maximum likelihood procedures, with the respective log-likelihood function stated in equation (5) below, where y i j is an indicator variable which takes a value of one if respondent i chose option j and zero otherwise.
Once the parameter estimates have been obtained, the implicit price can be derived for each attribute using the formula given by (6) below. The implicit prices express the marginal WTA (mWTA) for a discrete change in an attribute level (i.e., the marginal rate of substitution (MRS) between cost change and the attribute in question) and thus allow some understanding of the relative importance that respondents give to attributes within the design (Bennett and Blamey, 2001) :
where β k is the coefficient of attribute k and β μ is the coefficient of the monetary attribute. Finally, compensating surplus welfare measures can be obtained for different environmental policy scenarios associated with multiple changes in attributes, using (7), where V 0 represents the utility of the initial state and V 1 represents the utility evaluated under changed conditions.
4 Result
Sample characteristics
The socio-economic characteristics of survey participants shows that the average age of participants was 40.17 years, the majority of respondents were married, the mean household size was 6.27 members, the average household income was 8 000 000 IRR (290 USD) and 70% of participants were fisherman (Table 2 ).
Results of the choice experiment
The conditional logit (CL) model was used to estimate the attribute coefficients. All variables used in the model were dummy variables, apart from the CP, age, hhn, and edu, which were treated as continuous variables (see Table 3 ). We tested for IIA assumption of the CL model using a Hausman Mcfadden test (1984) , which indicated that the restrictive assumption is not violated in a basic CL framework.
The results of the CL estimation shows that in the simple model (with attributes only), all of main attributes showed a priori expected coefficient signs with RO, HC2, HC3, FSH2 and FSH3 being negative and the CP attribute being positive; also, all main attributes were significantly different (at the 1% level) from the baseline across all data sets and estimated models (Table 4 ). The overall model is significant at the 1% level, as shown by the chi-square statistic.
Because the first level of each attribute is the highest level or status Quo, the negative signs of RO, HC2, HC3, FSH2 and FSH3's coefficients imply that decreasing the allowable level of Hara forest utilization (due to more protection) brings respondents less utility than would the status Quo, as a priori expected. For CP, the positive coefficient of 0.07 means that as the compensation payment amount increases, respondents are more likely to contribute to protection projects because of Monthly average labor income (6 categories range 300 to 1500 ten thousand Rials) Inv Involvement in current and previous environmental programs (1 = yes; 0 = no) a perceived increase in utility level. At present, local people do not have the option of receiving compensation payment for reducing their harvests and introducing this option may therefore lead to greater interest in and acceptance of conservation scenarios. Because social and economic characteristics are constant across choice occasions for any respondents, these can only be considered as interaction terms with experiment attributes. As suggested by McConnel and Tseng (2000) , the inclusion of socio-economic attributes is an important step for estimating more accurate models of choice. The interaction variables are composed of 9 socio-demographic factors that are interacting with levels of each main attribute shown in Table 4 . Variables RO and FSH2 are significant at the 5% and 10% level, respectively, with expected negative signs. Other variables are significant (at the 1% level and less) and have expected coefficient signs.
The interactions between income and recreational opportunities (RO), household number and level 2 Hara cutting, age and level 3 Hara cutting, job and fishing (both levels) and level 3 of Hara cutting, involvement in environmental projects and level 3 of Hara cutting are significant. The interaction between income and level 3 Hara cutting is significant at the level 5%, and the interaction between age and level 2 of fishing is insignificant. The signs of the variables are consistent with our expectation. The positive sign of HC2-hhn, HC3-age and HC3-inv means that older participants, those with larger family size and who have been involved in environmental projects would be expected to choose one of the further protection options relative to the probability of status Quo. On the other hand, these respondents would require additional compensation for having chosen to decrease their utilizations. The negative sign of the interaction between RO-inc and HC3-inc indicates that respondents with higher income prefer status Quo and do not intend to accept money for lessening their exploitation. The negative sign of the interaction between job and level 3 of Hara cutting, as well as job and fishing (both levels), implies that fishermen were less likely to choose one of the protection options.
The overall model is significant at the 1% level, and the explanatory of the model is high. To some extent, the interaction model fits the data better than the simple model (compare the AIC and pseudo R 2 values). Accordingly, in the interaction model, the log likelihood ratio decreased from −706.3 to −654.3 and the adjusted R 2 increased from 0.19 to 0.25, implying the interaction model is an extremely good fit.
Marginal willingness to accept (mWTA)
The willingness to accept a change in one of the attributes in the choice sets can be found with implicit prices. The Note: All parameter estimates significant at p = 0.001 level.
marginal WTA for the attributes, calculated based on parameter estimates from Table 4 , show that the option of recreational opportunities has the largest WTA (Table 5) , with approx. 234 000 IRR.day −1 or 8.5 USD for no recreational boating. Additionally, the implicit price for HC2 reflects that a decrease in the number of Hara bundles collected (from 10 to 5 bundles), due to improved protection, has a marginal value of 103 924 IRR.hsld −1 .day −1 . Coastal communities prefer recreational opportunities, fishing activities and Hara cutting, respectively.
Welfare estimate results
To determine the changes to compensating surplus in response to possible alternative projects, the expression given in equation (7) is evaluated as a means of comparing welfare in a base-case and alternative situations. The base-case situation here is the status Quo option, which contains the possibility of recreational activities by boat, collecting 10 bundles of Hara per marine trip, catching an average of 15 kg of fish per day, and no payment received. Two protection scenario alternatives were used, as described below: -Scenario 1 (low level conservation scenario): assumed to have moderate impact on Hara ecosystems, recreational activity by boat is forbidden, Hara cutting and fishing amount reduced to 5 bundles.trip −1 and 5−15 kg.day −1 , respectively. -Scenario 2 (high level conservation scenario): assumed to have low impact on Hara ecosystems, recreational activity by boat is forbidden, Hara cutting and fishing amount reduced to 3 bundles.trip −1 and less than 5 kg.day −1 , respectively.
The values for welfare change can be interpreted as the amount per day that households are willing-to-accept to lessen their exploitation of Hara forests, rather than accept the status Quo. The daily CS is 570 000 IRR.hsld −1 and 1 457 000 IRR.hsld −1 for the difference between the sq and scenarios 1 and 2, respectively. This indicates an annual difference of 323 755 000 IRR.hsld −1 (11 784 USD) between the values of protection scenarios.
Discussion
Using the choice modeling approach, the present study was designed to estimate the local benefits that are given up due to the restriction of access to mangrove forests in the Hara Biosphere Reserve. In the case of less Hara exploitation, opportunity costs were represented by the net income foregone by households. We have investigated the heterogeneity of coastal communities' preferences for hypothetical protection options. Provisioning services, such as food and raw materials, are more often valued through direct market pricing methods . Many poor communities may depend directly on ecosystems for their subsistence, and a valuation study focusing solely on market prices may fail to capture the importance of such services for local livelihoods. This, in fact, underlines the need to use indicators of importance that are built on quantitative (e.g., ecosystem service flows), spatial (i.e., mapping) and qualitative indicators (e.g., stakeholder perceptions and preferences) (Kenter et al., 2011) .
This study showed that if respondents were older, had more children and had a pro-environmental stance, they were more likely to support one of the protection options. A possible explanation might be the fact that older participants always have a low income level, unreliable and unsecure jobs with high physical labor, as well as no alternative source of income. Hence, personal economic gain through compensation payment seems to have been relatively easy and more costeffective for them, and they more often chose one of the protection options with additional payments. Conversely, in rural forest contexts, younger respondents were often engaged in more lucrative and productive activities and hence had a higher opportunity cost associated with restricted access to the Hara forest (Fisher, 2004) . They also had less confidence in the hypothetical and risky protection projects. For some respondents, it was important to know how protection was achieved.
Similarly, as the family size increases, subsistence ability decreases, and the likelihood of accepting one of the protection scenarios increases. This is due to families earning more money from the compensation payments than the actual income they earn through fishing and associated activities.
The significant positive relationship that we found between protection and pro-environmental involvement was less surprising because they had already participated in Hara forest protection projects (even though the previous involvement did not entail less restriction for them) and could better relate to the Hara forest protection options, compared to people who considered these forests only as a source of livelihood with direct personal benefits.
Another important finding was that fishermen and high income participants tended to reject protection options more often than non-anglers and low income households, who preferred the status Quo option. This is because higher income households are not only more productive but also have better options for redirecting labor resources and other inputs from Hara forest exploitation to other activities. Thus, compared to individuals with fewer or no alternative options for work, having opportunities to engage in salaried work considerably lowers a person's required compensation. However, these results differ from Liu and Wirtz (2010) findings, which showed that households with less children and higher monthly income are more likely to state that they are willing to pay for protection options to prevent coastal resources from oil pollution. The protection options resulted in not only a direct economic loss for fishermen but also uncertain consequences for rural communities that are dependent on fishing for their subsistence. In fact, fishermen were afraid that the research might lead to more restrictive rules over their access to Hara forest resources and the loss of their jobs. Sometimes it was observed in surveys that respondents were cautious about reporting their actual use of Hara products, not wanting to be considered forest encroachers. This finding is in agreement with Kaffashi et al. (2012) , showing that anglers and hunters, who directly depend on wetland resources, did not want to significantly contribute to preserving and improving the wetland's biodiversity because they wanted to secure their access to wetland without restriction and additional payment.
Generally, the majority of people living in or near Hara forest areas derive their principal income from fishing and related activities, and the direct harvest of mangrove wood or leaves is rarely a full-time occupation for them. Curbing access to Hara forests imposes opportunity costs on local people who have traditionally relied on them to obtain resources. Therefore, they should divert labor and inputs to other income generating activities. However, the low educational quality of local people has led to a lack of alternative occupational options for them.
Comparing implicit prices for each attribute in Table 5 showed that respondents prefer recreational opportunities, followed by fishing activities, and lastly Hara cutting. Recreational opportunities represent an alternative potentially valuable and sustainable source of income for many local populations, especially where the forests are easily accessible. Respondents are willing to accept approximately 80 545 IRR.day −1 less in compensation if the purpose of protection is restricting fishing activities as opposed to prohibition of recreational opportunities and 124 112 IRR.day
less if the purpose is lessening Hara cutting. As mentioned above, households have few animals, and the amount of Hara collecting is relatively low. Hara cutting is not a permanent job, and the low compensation connected with it may reflect the low level of household dependency on it. In fact, the lowest level of this attribute may be sufficient for them. It is interesting that the stated WTA is lower than the potentially foregone income from fishing or recreational boating, suggesting that there are other determinants of WTA that seem to be at least as important as foregone income measures. Furthermore, the above hypothetical protection scenarios do not completely exclude human impacts on Hara forests and they maintain access to forest resources as they had before implementation of protection measures.
In this study, we focused on the direct use values of Hara forests for the surrounding poor communities, as well as the need for more research to be performed, because these forests have many non-use benefits. This information is suitable for use by regional planners and managers in determining which Hara forest use options in HBR will provide the greatest benefits to the local community. It will also provide policymakers with prior knowledge and prescription before implementing any policies that relate to equity concerns.
